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Claims 

[d] A power converter with at least one Direct Current (DC) 
port and at least one Alternating Current (AC) port where 
at least two ports are coupled by a high frequency trans- 
former with some method of synchronizing semiconduc- 
tor switching elements in at least two of the ports and 
where at least one DC port is capable of two-quadrant 
operation by any previously known method and where at 
least one AC port is capable of four-quadrant operation 
and where said AC port has the capability of operating as 
a boost regulator when sourcing power from the AC port 
into said high frequency transformer and where the in- 
ductor used to enable this boost function, is charged 
without effectively short circuiting any windings of said 
high frequency transformer. 

[c2] A power converter, according to claim 1, having an AC 
port capable of four-quadrant operation substantially 
consisting of; three semiconductor switch elements, each 
having bipolar voltage blocking, bi-directional current 
control and bi-directional current conduction capabili- 
ties, an inductor, a capacitor, and a center-tapped wind- 
ing of a high frequency transformer that provides cou- 



pling to at least one other port. 

[c3] A power converter, according to claim 2, having an AC 
port capable of f our- quad rant operation where; the high 
frequency transformer has a center-tapped winding re- 
ferred to as the common point, one pole of the first 
switch element is connected to one end of the trans- 
former winding, one pole of the second switch is con- 
nected to the other end of the transformer winding, the 
unconnected poles of the first and second switch are 
connected together and to one pole of a third switch ele- 
ment and to one end of the inductor, the other pole of 
the third switch is connected to the common point which 
is also the one terminal of the AC port, the other end of 
the inductor is connected to the other terminal of the AC 
port, the capacitor is connected across the two AC port 
terminals. 

[c4] A power converter, according to claim 3 where the ca- 
pacitor is connected across the AC port is not included. 

[c5] A power converter according to claim 1 having one AC 
port and two DC ports all coupled by a high frequency 
transformer where one DC port is capable of two- 
quadrant operation for discharging and charging a stor- 
age battery and where the second DC port is only capa- 
ble of sinking energy from a second DC source and 



where this second DC port is capable of bucking or buck 
regulating the voltage from said second DC source. 

[c6] A power converter according to claim 5 where said sec- 
ond DC port is capable of boosting the voltage from said 
second DC source rather than bucking or buck regulat- 
ing said voltage. 

[c7] A power converter, according to claim 5, having a DC 

port capable of only sinking energy and bucking or buck 
regulating the voltage from a DC source and substan- 
tially consisting of; three semiconductor switches, one 
rectifier diode, one capacitor, one inductor and one cen- 
ter-tapped winding on said high frequency transformer. 

[c8] A power converter, according to claim 6, having a DC 
port capable of only sinking energy and boosting the 
voltage from a DC source and substantially consisting of; 
three semiconductor switches, one rectifier diode, one 
capacitor, one inductor and one center-tapped winding 
on said high frequency transformer. 

[c9] A power converter, according to claim 1, with one bi- 
directional battery port, one or more additional DC ports 
for sinking energy from a photovoltaic array, fuel cell, 
wind turbine, micro-turbine or reciprocating generator, 
and one or more four-quadrant AC ports where all said 



ports are coupled with a high frequency transformer. 

[do] An uninterruptible power supply (UPS), according to 

claim 1, with one bi-directional battery port, one four- 
quadrant AC port for the line connection, and one or two 
AC ports for the "uninterruptible" loads and where all 
said ports are coupled with a high frequency trans- 
former. 

[c11] A power converter, according to claim 1, for fuel cell ap- 
plications with one bi-directional battery port, one DC 
port for sinking energy from the fuel cell, at least one DC 
port for sourcing auxiliary DC power to the fuel cell sys- 
tem and at least one four-quadrant AC port where all 
ports are coupled with a high frequency transformer. 

[d2] a semiconductor switch element or circuit capable of 
bipolar voltage blocking, bi-directional current control 
and bi-directional current conduction capabilities con- 
sisting of two insulated gate bipolar transistors (IGBTs) 
connected with common emitters where the two poles of 
the AC switch are the respective ICBT collector terminals 
and where the two IGBT gate terminals are driven with 
substantially the same signal. 

[d3] a semiconductor switch element or circuit, according to 
claim 12, where each IGBT device is paralleled with a 



MOSFET device; drain to collector and source to emitter 
and where all four gates are driven on and off at sub- 
stantially the same time. 

[d4] a semiconductor switch element or circuit, according to 
claim 13, where more than one MOSFET and/or IGBT is 
parallel in a given circuit position. 

[d5] A semiconductor switch element or circuit, according to 
claims 13 and 14, where the turnoff command to the 
MOSFET devices is slightly delayed with respect to the 
IGBT devices to take advantage of the faster MOSFET 
switching characteristics when commutating switch ele- 
ment currents. 

[d6] a power converter according to claim 1 having two AC 
ports and one DC port all coupled by a high frequency 
transformer where one DC port is capable of two- 
quadrant operation for discharging and charging a stor- 
age battery and where the first AC port is only capable of 
sinking energy from an AC wind turbine and where the 
second AC port is capable of four-quadrant operation at 
a multi-purpose port for connection to the utility grid, 
AC loads or an AC reciprocating generator. 



